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ABSTRACT 



A CATV distribution network provides an interface between 
a cellular communications base station and a plurality of 
mobile terminals. Ahead end signal processor disposed at a 
head end of the CATV network provides a first frequency 
conversion between a cellular communications radio fre- 
quency and the CATV network transmission frequency. A 
plurality of remote antenna drivers are disposed at the 
remote end of the CATV network and provide a second 
frequency conversion between the cellular communications 
radio frequency and the CATV network transmission fre- 
quency. Antennas coupled to the remote antenna drivers 
provide radio communications with the mobile terminals. 
The remote antenna drivers are arranged in groups, each 
group being operated in a simulcast manner. Dynamic range 
compression of the cellular communications traffic is pro- 
vided on the upstream path between the mobile terminals 
and the base station. 

6 Claims, 9 Drawing Sheets 
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"viders can offer foftbe transport of "aciclitional services sucfi 
as telephone traffic. A recent development of this telephony 
application has been a proposal to carry cellular communi- 
cations traffic, e.g. GSM or PCS traffic, over the cable 
network. In such an arrangement, a cellular base station is 
cou pled via the c abfe-network-to-a-number-of-antennas-to 
provide communication with mobile units in the service area 
of the antennas. A proposed system for cellular communi- 
cation over a CATV network is described by R W Donaldson 
in IEEE Transactions on Vehicular Technology, vol. 43 no. 
3, pp666-70. 

The potential use of CATV systems to carry cellular 
communications traffic has been restrained by a number of 
technical problems. Firstly, there is the problem of the 
limited dynamic range of most cable systems which results 
in significant performance degradation when handling eel- 3Q 
lular communications traffic. A typical cellular system 
requires a nominal dynamic range of approximately 80 dB, 
whereas a typical cable system offers a dynamic range of 
about 30 dB for the downstream path or down link, and 
between 20 and 45 dB on the upstream path or uplink. The 35 
30 dB restriction on the down link is acceptable as cellular 
systems such as the GSM system can accommodate a signal 
to noise ratio as low as 9 dB. However, since the level at 
which uplink signals are directed into the cable sysytem is 
dependent on the distance between a mobile terminal and its 4Q 
associated antenna, any dynamic range restriction on the 
uplink results in a severe mismatch with the minimum 
sensitivity level of the cellular receiver. Under conditions 
that can be reasonably expected in a CATV system, this 
uplink dynamic range restriction reduces the effective rtans- ^ 
mission distance to an unacceptably low value. Secondly, 
cable systems intended for the transmission of mobile com- 
mmunications traffic are subject to the so-called near- far 
problem. Within a mobile system it is not possible to 
guarantee the signal level received at an antenna from a 5Q 
mobile. Consequently it is possible that low level transmis- 
sions from a wanted distant transmitter will be swamped by 
unwanted high power signals from a local transmitter oper- 
ating on an adjacent channel. In a cable system, this problem 
is exacerbated by the inherent dynamic range limitation. 55 

The object of the invention is to minimise or to overcome 
these disadvantages. 

It is a further object of the invention to provide an 
improved communications sysaytem in which cellular com- 
munications traffic between mobile terminals and a base 60 
station is carried on a CATV network. 

SUMMARY OF THE INVENTION 

According to one aspect of the invention there is provided 
a cellular communications arrangement comprising a base 65 
station and a plurality of antennas coupled thereto via a cable 
communications network, said the antennas being arranged 



uency conversion between the cellular communications 
radio frequency and the CATV network transmission 
frequency, and antennas one coupled to each said remote 
antenna driver for providing radio communications with said 
mobile terminals, wherein the remote antenna drivers are 
-arranged^n-g roups, the -drivers-of-each-said-group-being- 
operated on a common frequency in a simulcast mode, and 
wherein each said remote antenna driver incorporates means 
for compressing the dynamic range of cellular communica- 
tions traffic carried on the cable network on an upstream path 
between the mobile terminals and the base station. 

According to a further aspect of the invention there is 
provided a method of transmitting cellular communications 
traffic over a cable telecommunications network between a 
base station and a plurality of antennas, the method includ- 
ing operating the antennas in a simulcast mode, and com- 
pressing the dynamic range of cellular communications 
traffic carried on the cable network. 

The arrangement is intended for use with the GSM 
communications system, but it is not of course limited to that 
application. 

Although the cable system caries traffic at allocated cable 
frequencies, the interfaces between the base station and the 
system head end and between the antennas and mobile 
terminals operarate at the cellular system uplink and down- 
link frequencies. There is thus a transparent path provided 
for mobile communications traffic between the base station 
and the mobiles and no significant modification of the 
cellular system is required. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the invention will now be described 
with reference to the accompanying drawings in which: 

FIG. 1 is a general schematic diagram of a CATV system 
incorporating a cellular communications simulcast facility; 

FIG. 2 is a simplified schematic diagram of the system of 
FIG. 1 illustrating its interaction with an associated cellular 
communications system; 

FIGS. 3a and 3b illustrate a typical cable frequency 
allocation plan for cellular traffic in the system of FIG, 1; 

FIG. 4 shows the construction of a remote antenna device 
(RAD) for use in the system of FIG. 1; 

FIG. 5 is a functional block diagram of the RAD con- 
struction of FIG. 4; 

FIG. 6 shows a radiation pattern employeed by the RAD 
of FIGS. 4 and 5; 

FIG. 7 is a block schematic diagram of the receive path of 
the RAD of FIGS. 4 and 5; 

FIG. 8 is a graph illustrating the input/output character- 
sitic of the RAD of FIGS. 4 and 5 for uplink traffic; 
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ARRANGEMENT FOR PROVIDING 
CELLULAR COMMUNICATION VIA A CATV 
NETWORK 

This invention relates to cable TV (CATV) systems and 
in particular to the provision of cellular radio communica- 
tions via a CATV system. 

BACKGROUND OF THE INVENTION 

Cable TV systems are becoming increasingly common- 
place in urban areas where they provide a medium for the 
delivery of video services to customers. These systems have 
a large amount of spare bandwidth which the system pro- 
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to operate in a simulcast mode,and wherein means are 
provided for compressing the dynamic range of cellular 
communications traffic carried on the cable network. 

According to another aspect of the invention there is 
provided an arrangement for coupling a cellular communi- 
cations base station with a plurality of mobile terminals via 
a CATV distribution network, the arrangement including a 
head end signal processor disposed at a head end of the 
CATV network and adapted to provide a first frequency 
conversion between a cellular communications radio fre- 
quency and a CATV network transmission frequency, a 
plurality of remote antenna drivers disposed at a remote end 
of the CATV network and adapted to provide a second 
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FIG. 9 shows the construction of a head end signal The number and disposition of the RADs, which are 

processor (HESP) for use in the system of FIGS. 1 and 2; operated in a simulcast arrangement, will depend on the 

and coverage requirements and the anticipated user density. The 

FIG. 10 is a functional block diagram of the HESP of FIG. ma y be , configured to operate at the same frequency 

9 5 to form a single large simulcast cell or they may be divided 

into frequency groups to provide a number of smaller 

DESCRIPTION OF PREFERRED EMBODIMENT simulcast cells. The particular broadcast frequency will be 

determined by the licensing authority, but it is expected that 

Referring to FIG. \, the CATV system carries cable me uplink will be in a band between 1850 and 1859 MHz 

related traffic between a central CATV station 10, disposed ^ that the downlink will be in a band between 1930 and 

at a head end 11, and a plurality of subscriber premises (not 1975, there being a 80 MHz uplink/downlink diplex offset, 

shown) via an optical fibre network 15 and a coaxial network Within each simulcast cell or cluster, the frequencies of the 

17. The system also carries cellular communications traffic RADs arc slightly offset from the nominal cell frequency 

between a cellular, e.g. GSM, base station 21, via a head end typically by a value not exceeding 50 Hz. We have found 

signal processor (HESP) 23 and a number of remote antenna ^ mat this frequency of&et is sufficient to ensure that any nulls 

drivers (RAD) 25 providing wireless communication with within the simulcast cell persist for a maximum of a single 

mobile terminals 27. Operation of the HESP and the RADs data burst but Dot ^ large as to degrade the system perfor- 

may be controlled by a processor (not shown) attached to the mance. 

system. The RADs are operated in groups, the members of The frequency allocation on the cable path will depend on 

a 5 rou P bcin g °P cratcd 011 a common frequency in a shmil- ^ the particular CArv network and on th~e~location witMnlhe" 

cast manner for uplink and downlink traffic. The effect of net work. The reverse channel or back haul used for the 

simulcasting is to merge the coverage areas served by each uplmk may be susceptiblc to HF interference and impulsive 

RAD in the cluster into a single simulcast cell withm which noise commonly re f e rred to as ingress. Care will thus need 

a mobile terminal may roam without the necessity for to be taken to avoid frcquencies with a hi h level of - m 

handoff. Communication is thus effectively distributed A typical frequency allocation plan for both the uplink and 

throughout the simulcast cell. In the arrangement of FIG. 1 me downlink ^ showri in FIG. 3. In FIG. 3a, the uplink band 

the system head end incorporates a number of HESPs each ^cation of 18 to 25 MHz is derived from measurements 

serving a respective set of RAD groups via a respective fibre which indicate a lower av m noise man Qther rts 

network and each coupled to the cellular base station. of ^ availaMe ^ cimm ^ ^ gap at 21 MHz avoids the 

As is shown in FIG. 2, the base station 21 is controlled 30 currently allocated amateur radio band. Typically, the sig- 

from a mobile switching centre 211 and a base station nailing channel operates at 18 MHz occupying a 200 kHz 

controller 212 forming part of a GSM network. It will be band. The remaining bandwidth may be used to transport the 

appreciated that, in the interests of clarity, only those parts PCS traffic in 200 kHz channels. 

of the GSM network that are essential to the understanding downlink allocation (FIG. 3b) may be a 2 MHz block 

of the invention are illustrated in FIG. 2. 35 disposed between 450 and 750 MHz, the block being defined 

Referring to FIGS. 1 and 2, on the downlink, each of the so as to coexist with the television channels that are carried 

RAD's operating within a simulcast cluster transmits iden- by the network. The reference and signalling channels may 

tical information to the mobile. In consequence, the mobile be at 550 and 550.2 MHz respectively, 

terminal receives several time shifted and attenuated ver- Th e remote antenna device (RAD) is shown in FIG. 4 and 

sions of the same signal over the air interface. This is 40 its corresponding functional diagram is shown in FIG. 5. 

analogous to multipath reception in a conventional system This device is coupled to the CATV network via a direc- 

having only one antenna per cell and a GSM handset is tional coupler and incorporates transmit (301) and receive 

adapted to accommodate and process received signals of this (302) paths connected by diplex filtering (303, 304) to both 

form via a channel equalisation technique. Thus; within the the up and down links. The RAD is contained within a 

mobile terminal, the received signals are correlated and 45 housing or enclosure comprises a remote transposer 31 

simulcast induced intersymbol interference (ISI) is removed. providing an interface between the mobile radio and the 

Simulcast operation on the uplink is similar to that CATV environments, a remote modem 32 which facilitates 

described above. The signal transmitted from the mobile transmission of control data between the RAD and the 

terminal is received by each of the RAD's in the simulcast system head end, and a remote controller 33. Communica- 

cluster. Each RAD then transposes the radio signal to a 50 tion between the RAD and the mobile terminals is effected 

frequency suitable for CATV upstream transmission. Since via an antenna unit coupled to the RAD. The general 

each RAD in the cluster operates on a substantially identical functions of the RAD components or modules are detailed 

frequency both over the air interface and over the CATV below, 

network, the network itself is used to combine the uplink The RAD Enclosure 

signals. At the system head end, the upstream cellur signals 55 The enclosure or housing comprises a mechanical struc- 

are converted or transposed back to the cellular traffic ture containing the remote equipment. Advantageously, the 

frequency by the HESR At the base station, the simulcast housing is configured so as to be mounted on an overhead 

signal is then processed and correlated to remove intersym- cable strand commonly used for equipment mounting in 

bol interference. The use of simulcasting on the uplink CATV systems. The housing can also be configured for 

significantly reduces the near-far problem as a mobile ter- 60 mounting on a building or on a mast, 

minal that is distant from one RAD in the group will, in The Antenna Unit 

general, be sufficiently close to another RAD of that group This is used to radiate and receive the cellular radio 

to provide an adequate signal. Further, as the RADs of the signals and is mounted directly on the RAD enclosure, 

group have a single operating frequency, potentially inter- The Remote Transposer 

fering adjacent channel users will in general operate to 65 This module performs frequency transposition, filtering, 

distant RAD groups and will therefore be received only at amplification and dynamic range compression of the radio 

low signal levels. signals. 
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The Remote Controller The process of limiting inevitably produces harmonics. 

This module provides the control and configuration infor- These are removed by the second channel filter 64. The 

mation for the RAD components and has four main func- resulting signal is then converted to the required CATV 

tions: * upstream frequency in the second mixer 65 and again 

The configuration and supervision of the RAD. 5 filtered and amplified before injection onto the CATV net- 

The provision of local configuration and monitoring via a work - ^ local oscillators 71 and 72 associated with the first 

RS232 standard interface 306 resident within the RAD. and second mixers respectively may be controlled in fre- 

The interpretation and formatting of digital information to 1 uenc y from a P ilot si & nal transmitted from the HESP at the 

be transmitted over the system control channels. s ^?if m ** ead end ' „ , 

The performance of digital processing to extract a data 10 . ™ C ™ nsi ™ il ™ °^ * c hcad end ^gnal processor (HESP) 

clock from the downstream control signals. * s * own m ™. * an T d * e corresponding functional diagram 

The Remote Modem 13 shown m ^ In erms °J A sl S na rT^ g 'occp^ 

This is used to facilitate the transmission and reception of 15 ™f* A 1D W™*™ to the RAD, although the HESP has 

JigiUl^nta^^ m^h red uced control functionality and is used simplyto_ 

s^tem head end and the RAD. Hie remote modem is also ]5 P roccss ^signals receiv^-frorrlother system entitielTIn 

used to recover the base station frequency reference which the °[ mobUe Sl & a]& ^ 1DVolves transposing signals 

is distributed to all RADs via the network. . received from the BTS or or CATV system to predefined 

The Power Supply frequencies. In the case of control data this involves either 

This unit provides the powere for all the RAD equipment. modulating signals from the head end system controller or 

-The-unit-rereivt^^ demodukting^gnals-received4rem-the-RADs. 

signal that is provided by the CATV infrastructure. 20 Each of the BTS downlink signals is fed from the TRX 

A further function of the RAD is compression of the associated with the HESP via a dedicated cable. This signal 

dynamic range of the mobile signals received over the air is fed to the transmit path 90 of the transposer 91 which in 

interface to match the limited dynamic range available over addition to frequency translation also performs filtering and 

the CATV upstream path. Thus, the 80 dB range typically amplification. This signal is then injected into the CATV 

required for conventional GSM traffic is compressed into a 25 ne twork via a RF combiner. A downlink control channel is 

maximum of typically 45 dB such that the -104 dB mini- use a to provide the RADs with configuration information, to 

mum receiver sensitivity level specified within the GSM pol] the RADs for rcp orts or alarms and to issue power 

recommendations can be achieved. up/power down commands. 

A preferred radiation pattern for the RAD antenna is 0n the uplink> thc signals rece i vc d on the receive path 92 

illustrated in FIG. 6. The pattern is generally ommdirec- 30 f rom the CATV network are filtered to extract the mobile or 

tional which, when shown in cross-section as in FIG. 6, ce llular traflc which is then frequency converted to the 

comprises two lobes so shaped that signals from mobiles ce llular radio frequency and handed on to the base station, 

close to the antenna are attenuated while signals from Xo f aciU tate successful simulcasting, the gain of all the 

mobiles further from the antenna are provided with gain. RADs in the s i mu i cast ce ll as perceived by the base station 

The attenuation of signals from mobiles close to the antenna 35 ^ equaii^d. ^ may be achieved in the following way. 

reduces the potential incidence of near-far interference. In ^ system, continuous HESP/RAD gain adjustment is 

FIG. 7 illustrates in schematic form the dynamic range prov ided on both the uplink and the downlink. The downlink 

compression technique employed in the RAD receive path. gain may be controled by me following mechanism. 

TTie path comprises an RF processing stage 61 coupled via The RAD continuously monitors its owrj sigrial output 

a first mixer 62 to an IF processing stage whose input and 40 and ^ f down mes _ 

output are provided with respective channel filters 63 and tQ f , te Us QUt t 

64. The output from the IF processer is fed via a second 1 -* 1 * * 

nm , ♦ c * Th e HESP continuously monitors its own signal output 

mixer 65 to a CATV upstream frequency processing stage , . . / , , ~T r 

,t A . 1V •* * • .1- Tin • . cZ power and issues internal power up/power down mes- 

60, A signal hmiter stage 67 m the IF processing stage of the * 4 1 * * * 

. & . . n 1 l *t_ » II n ■ r i sages to regulate its output, 

receive path is configured such that the RAD gain tor low 45 0 , . . r . . 4U ITrpn . . 

, , . r . . , * . , - to , . The uplink gain is managed via the HESP and may be 

level signals is equal to the gain required for normal system a , , f ,, to c « & , . 

,. & . . n , r *l • r*L mm; ■ 1 effected by the folio wing mechanism, 

operation, i.e. to compensate lor the gain or the CATV signal ^ ™„„ „ 7 <. , . , ..... 

path. However, signals received at or above a signal level of ™ c HESP polls each of the RADs with which it is 

-60 dBm are effectively clamped. In effect the system associated. 

discards performance gains for high level signals and uti- 50 ^ HESP receives a response from each RAD. This 

lizes the available dynamic range for low level signals. The response is processed and the received signal strength 

typical RAD input/output characteristics providing this ( RSS ) on tnc upstream control channel is determined, 

dynamic range compression are illustrated in FIG. 8. We Th e HESP then determines from the received mobile 

have found that this limitation of the dynamic range of the signal strength the equivalent signal strength that 

cellular traffic signals to a maximum value significantly 55 would be received over the upstream information chan- 

reduces the dynamic range limitations of the cable system. ne l under conditions in which the received signal 

Referring again to FIG. 7 7 the operation of the system is strength of the mobile is a maximum, 

as follows. The uplink mobile signal is received via the The power up/power down increment is determined by 

antenna 66 and is isolated from transmitted signals within comparison of the required maximum RSS and 

the circulator block 68. The RF signal is then filtered, 60 received transformed RSS. 

amplified and down converted in the first mixer 62 to the The result of the comparison is communicated to the RAD 

intermediate frequency (IF). Dynamic range conversion then over the downstream control channel. The RAD then 

takes pi ace. The IF signal is firstly filtered within the channel adjusts the power of both the control signal and the 

filter 63. This avoids the problems associated with adjacent mobile signal. 

channel interference which become particularly severe if 65 The algorithm may be provided with a degree of hyster- 

signal limiting is employed. The signal is then amplified by esis to prevent an unacceptably large number of power 

IF amplifier 69 and limited by the limiter 67. control commands. 
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In some applications there may be an advantage in 
operating the RADs in a simulcast cell in a quasi- 
synchronous manner e.g. to avoid persistent nulls in the cell. 
In such an arrangement the RAD synthesisers are designed 
such that a small offset frequency in excess of the 50 Hz 
offset discussed above can be provided. To overcome the 
consequential performance degradation introduced by this 
offset, the local oscillators used on the uplink path are then 
provided with filtering so that oscillator far out phase noise 
does not contribute significantly to the noise floor of the 
receiver. 

It will be understood that although the technique has been 
described with particular reference to the GSM cellular 
systeinrit-is^y-rro-meara-lM 

is of general application to cellular communications systems 
in the provision of an interface between a base station and 
groups of antennas serving mobile terminals. 
I claim: 

1. An arrangement for coupling a cellular communica- 
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2. An arrangement as claimed in claim 1, wherein each 
said antenna has a radiation pattern such that signals from 
mobile terminals close to that antenna are attenuated and 
signals from mobile terminals remote from the antenna are 
provided with gain SD-OS to provide a perceived signal 
level which is substantially distance independent. 

3. An arrangement as claimed in claim 2, wherein each 
said remote antenna device has means for adjusting the gain 
of upstream signals to the head end signal processor such 
that the signals received by the base-station from the remote 
antenna devices are of substantially uniform signal strength. 

4. A method of transmitting cellular communications 
traffic between a base station and a plurality of mobile 
terminals via a CATV distribution network, the network 
including a head end signal processor disposed at a head end 
of the CATV network and providing a first frequency 
conversion between a first cellular communications radio 
frequency and a second CATV network transmission 
frequency, a group of remote antenna drivers disposed at a 



remote end of the CATV n e twork each said driver being 
coupled to a respective antenna and each providing a second 
frequency conversion between the first cellular communi- 
cations radio frequency and the second CATV network 
transmission frequency, and receive path processing means 
coupled to the antennas and providing on an upstream path 
a third frequency conversion between a second cellular 
communications radio frequency and a second (upstream) 
CATV network transmission frequency, wherein the method 
comprises operating the antenna drivers of said group on a 
common nominal frequency in a simulcast mode, compress- 
ing the dynamic range of cellular communications traffic 
carried on the cable network on an upstream path between 
the mobile terminals and the base station, and providing the 
remote antenna drivers of said group each with a small 
frequency off-set from said simulcast frequency so as to 
limit the persistence of a null to a maximum of a single data 
burst of telecommunications traffic, and wherein said 
dynamic range compression comprises converting the sec- 
ond cellular communications radio frequency in a first mixer 
to an intermediate frequency, amplifying and limiting the 
intermediate frequency so as to compress the dynamic range 
of signals at said intermediate frequency, and converting the 
amplified and dynamic range compressed intermediate fre- 
quency in a second mixer to said second CATV network 
transmission frequency. 

5. A method as claimed in claim 4, wherein each said 
antenna has a radiation pattern such that signals from mobile 
terminals close to that antenna are attenuated and signals 
from mobile terminals remote from the antenna are provided 
with gain whereby to provide a perceived signal level which 
is substantially distance independent. 

6. A method as claimed in claim 5, wherein the gain of 
upstream signals to the head end signal processor such that 
the signals received by the base station from the antennas are 
of substantially uniform signal strength. 



tions base station with a plurality of mobile terminals via a 
CATV distribution network, the arrangement including a 
head end signal processor disposed at a head end of the 
CATV network and providing on a downstream path a first 
frequency conversion between a first cellular communica- 
tions radio frequency and a first (downstream) CATV net- 
work transmission frequency, a plurality of remote antenna 
drivers disposed at a remote end of the CATV network each 
said driver being coupled to a respective antenna and each 
providing a second frequency conversion between the first 
cellular communications radio frequency and the first CATV 
network transmission frequency, said antennas providing 
radio communications with said mobile terminals, and 
receive path processing means coupled to the antennas and 
providing on an upstream path a third frequency conversion 
between a second cellular communications radio frequency 
and a second (upstream) CATV network transmission 
frequency, wherein the remote antenna drivers are arranged 
in groups, the drivers of each said group being operated on 
a common frequency in a simulcast mode, wherein each said 
receive path processing means incorporates means for com- 
pressing the dynamic range of cellular communications 
traffic carried on the cable network on an upstream path 
between the mobile terminals and the base station, wherein 
the remote antenna drivers of said group are provided each 
with a small frequency off -set from said simulcast 
frequency, said off-set limiting the persistence of a null to a 
maximum of a single data burst of telecommunications 
traffic, and wherein said receive path processing means 
comprises a first mixer arranged to convert the second 
cellular communications radio frequency to an intermediate 
frequency, limiting amplifier means arranged to amplify and 
compress the dynamic range of signals at said intermediate 
frequency, and a second mixer arranged to convert the 
amplified and dynamic range compressed intermediate fre- 
quency to said second CATV network transmission fre- 
quency. 
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